33 cell proliferation and cell expansion. Organ size in rice plays a crucial role in determination of rice 34 yield. Cadmium (Cd), one of the major environmental pollutants, is harmful to human health. Cd-35 polluted rice grains have been a major source of human Cd-intake, thus reducing Cd-uptake into 36 rice grains is important. Strigolactone (SL), a hormone, has been well-studied in terms of 37 regulating plant architecture and in its signal perception, but its biological roles in cell 38 proliferation, cell expansion and Cd-uptake have not been uncovered.
39 Methods: We comprehensively investigated agronomic traits and cell size between WT and so1. 40 We treated WT and so1 with Cd, and analyzed Cd content in rice grain using inductively coupled 41 plasma mass spectrometry (ICP-MS). We used bulk segregation analysis for SO1 mapping, and 42 analyzed sequences surrounding SO1 in rufipogon, indica, japonica and intermedia varieties of 43 rice.
44 Results: We identified a spontaneous rice mutant, small organs 1 (so1), which exhibited small 45 organs, such as small leaves, panicles and grains. Cytological analysis indicated that the small 46 organs of so1 were due to both impaired cell proliferation and expansion. We found that so1 grains 47 highly accumulated Cd after Cd treatment. In the so1 mutant, an 8bp insertion resulting in a 48 premature stop codon was identified in LOC_Os04g46470 (High-Tillering Dwarf1) which is 49 involved in Strigolactone (SL) synthesis. Because both htd1 and so1 mutants exhibited dwarf and 50 excessive tillers, the 8bp insertion was responsible for the so1 phenotype. SO1/HTD1 was 51 ubiquitously expressed, most highly in stem and sheath. Very few SNP polymorphisms 52 surrounding SO1/HTD1 were identified in japonica group, whereas SNPs were abundant in the 53 rufipogon, indica and intermedia groups. 96 The so1 mutant was a spontaneous mutant, and was noticed in an indica rice breeding program. 97 For evaluation of all agronomic traits, the wild-type and so1 were grown in a paddy at Chengdu, 98 Sichuan in 2015, and mean values from three measurements were used for analysis. The tiller 99 number of WT and so1 was counted once every 7 days from the beginning of tillering (39 day after 100 sowing) to the end of tillering.
101
102 Semi-section and SEM 103 To observe epidermal cell size in the culm, we performed semi-section of the first internode as 104 described by (Qin et al. 2013) ; the measurement of cell length and width was performed using 105 Image J software. To document cell size of the vascular bundles and glume cells of the spikelet, 106 we used SEM following the protocol described by (Qin et al. 2013 ). Briefly, the culm at the mature 107 stage and glume at the filling stage were fixed in 0.1M sodium phosphate buffer (2.5% 109 twice, then fixed in 0.1M sodium phosphate buffer (2% osmium tetroxide) at 4°C overnight. We 110 used an acetone series from 30-100% to dehydrate, and used liquid CO 2 to dry samples out, and 111 then coated them with gold powder, then observed with Scanning Electron Microscope JEM-1200 112 EX (Hitachi). 
140
The so1 mutant exhibited small organs 141 The so1 mutant was a spontaneous mutant in the indica background. The so1 mutant was dwarf 142 and had excessive tillers (A). The dwarf phenotype of so1 was due to equally shortened internodes 143 ( Fig. S1A and B) . The so1 mutant increased its tiller number until 112 days after sowing, whereas 144 the tiller number of WT did not increase after 53 days after sowing (Fig. S2A) . The number of so1 145 tillers at the mature stage was up to 91, while only 8 tillers were seen for WT. In addition to the 146 dwarf and excessive tiller phenotype, the organ size of so1 was much smaller than in WT, such as 147 leaf, panicle grain size and each internode (Fig. 1B-F) . Analysis of agronomic traits showed that 148 except for tiller number per plant, all traits, such as plant height, 1000-grain weight, panicle length, 149 grain length and grain width, were significantly reduced in the so1 mutant (Fig. 1G-N) . Fig. 2A-D) . The number and length of the culm epidermal cells was also 156 significantly decreased in so1 (Fig. 2E, F, I and J). The cell length and width of the spikelet outer 157 epidermal cells were reduced around 18.4% and 13% in so1 (Fig. 2E, F and K) . The number of 158 longitudinal and horizontal cells was increased 14.2% and 4.4% in the spikelet outer epidermis 159 (Fig. 2G, H and L) , respectively. We investigated the expression of genes involved in cell 160 proliferation and expansion using stem apex meristem. Consistent with the decreased cell length 161 and number of so1 culm, most cell proliferation-related genes were significantly down-regulated, 162 and three of six cell expansion-related genes were down-regulated in so1 (Fig. 2 M and N) . 165 During the course of mutant screening for aberrant Cd accumulation in rice grain, we surprisingly 166 found that Cd concentration in so1 was about 2.8 fold more than in WT when 1mg/Kg Cd was 167 added, whereas no difference was found between WT and so1 without Cd addition (Fig.3A) . 174 A bulk segregation approach was performed to map the target mutation of so1 using a population 175 generated from the cross between so1 and HuaB. The target mutation was mapping to a 749kb 176 region between AG234 and RM470 on Chr.4 by preliminary mapping, and then narrowed to a 177 76.8kb region by fine mapping. An 8bp insertion was identified in the second exon of 178 Loc_Os06g46470, leading a premature stop codon in so1 (Fig. 4A) 184 We then investigated the expression pattern of so1 among a number of tissues using RT-qPCR.
185 SO1/HTD1 was ubiquitously expressed in most tissues, and highly expressed in stem and leaf 186 sheath (Fig. 5A) . The expression of D14/D88/HDT2 and D53 involved in SL signal perception 187 pathway were respectively up-regulated and down-regulated, and no change for D3. Both D10 and 188 D27 involved in SL synthesis was up-regulated, whereas SO1/HDT1 was down-regulated ( Fig. 189 5B), respectively. 
